Study objectives: The purpose of this study was to analyze the relationship of the pleural fluid vascular endothelial growth factor (VEGF) level with the diagnostic category and with the pleural fluid characteristics in a group of 70 patients. Design: The VEGF levels of consecutive patients undergoing therapeutic thoracentesis were determined with an enzyme-linked immunosorbent assay. Setting: University-affiliated tertiary care center. Results: The median level of pleural fluid VEGF in the patients with congestive heart failure (150 pg/mL) was significantly (p < 0.05) lower than the median level in the patients with coronary artery bypass grafting (357 pg/mL), which in turn was significantly lower (p < 0.05) than the median levels in the patients with malignancy (1,097 pg/mL). The overlap between groups, however, limits the diagnostic usefulness of pleural fluid VEGF levels. The VEGF level was most closely correlated with the lactate dehydrogenase level (r ‫؍‬ 0.42, p < 0.001) and was also significantly correlated with the total pleural fluid protein level. The median VEGF levels in the pleural fluid of patients with breast cancer were significantly lower (p ‫؍‬ 0.017) than in those with lung cancer. The VEGF level was very high (3,294 pg/mL) in the one patient with pulmonary embolism. Conclusions: We conclude that the VEGF levels in pleural fluid differ significantly from one diagnostic category to another with the highest median levels occurring in patients with malignant pleural effusions. We speculate that VEGF may be responsible for the pleural fluid accumulation in at least some situations.
V ascular endothelial growth factor (VEGF), also known as vascular permeability factor or vasculotropin, is a multifunctional cytokine that has recently received much attention. VEGF appears to have two primary functions: (1) it increases the permeability of the vasculature, 1 and (2) it is an important angiogenic factor. 1, 2 In some assays, VEGF is more potent than histamine in increasing vascular permeability. 3 Topical application of VEGF acutely results in the development of fenestrations in the endothelium of small venules and capillaries in the skin and skeletal muscle, even in regions where endothelial cells are not normally fenestrated, and the development of these fenestrations is associated with increased vascular permeability. 4 The rate of accumulation of fluid in thyroid cysts is related to the level of VEGF in the fluid. 5 VEGF is a unique angiogenic factor in that it appears to be an endothelial cell-specific growth factor, whereas the fibroblast growth factors, which are also potent angiogenic factors, can stimulate other cells such as fibroblasts to divide. 6 The diverse importance of VEGF is attested to by the observations that it appears to be necessary for the growth of tumors, 7 it increases coronary artery blood flow, 8 and plasmids containing the DNA coding for VEGF induce new vessels in ischemic limbs. 9 The purpose of the present study was to determine the level of VEGF in the pleural fluid from patients with pleural effusions of varying origins. We hypothesized that VEGF would be elevated in exu-dates as compared with transudates, and that malignant pleural effusions would have higher VEGF levels than would other exudative effusions. The basis for the first hypothesis is that VEGF is present in areas of inflammation and is thought to be at least partially responsible for inflammatory edema. 1 The basis for the second hypothesis is the observation that many malignant tumors have high levels of VEGF 2,10 -12 and that higher levels of VEGF are associated with more tumor-associated edema. 13 
Materials and Methods
Between August 1, 1997, and January 30, 1998, we prospectively studied 70 consecutive patients who underwent thoracentesis under ultrasound guidance in the Department of Radiology. The study was approved by the Institutional Review Board of Saint Thomas Hospital, and before the thoracentesis all patients signed an informed consent.
Standard definitions were used for identifying the cause of the pleural effusion. 14 A pleural effusion was said to be caused by congestive heart failure if the patient had symptoms and signs of congestive heart failure that improved with appropriate therapy. A pleural effusion was said to be malignant if the patient had either a pleural fluid cytologic examination or a pleural biopsy specimen that was positive for malignancy, or if the patient had known metastatic malignancy with no other explanation for the pleural effusion. A pleural effusion was labeled post-coronary artery bypass grafting (CABG) when it occurred within the first few months after CABG and had no other obvious explanation (eg, congestive heart failure, chylothorax, or infection). A parapneumonic effusion was an effusion associated with bacterial pneumonia, lung abscess, or bronchiectasis.
At the time of the thoracentesis, pleural fluid was collected in a hematology tube for WBC count and differential, in a 5-mL citrated tube for VEGF measurement, and in a tube with no additives for glucose, protein, amylase, and lactate dehydrogenase (LDH) analysis. For VEGF measurement, the pleural fluid was immediately centrifuged at 3,000 rpm for 20 min at 4°C. The supernatant was separated from the cellular pellet and was frozen at Ϫ70°C until analysis. The total WBC count and the total RBC count were obtained manually by microscopy. The differential leukocyte count was immediately obtained by counting 100 cells on a Wright's-stained smear after the cells had been concentrated by cytocentrifugation at 2,000 rpm for 10 min. The glucose, protein, and LDH measurements were obtained from fluid collected in a sterile tube with no additive using an automated analyzer (Vitros Model 950; Johnson & Johnson; Rochester, NY). VEGF concentrations were measured using an enzyme-linked immunosorbent assay (R&D Systems, Inc; Minneapolis, MN). The procedures were performed according to the manufacturer's instructions with validation for pleural fluids including determination of recovery (99%). Measurements and standard curve fittings were performed with Bio-Rad Model 3550 microplate reader and Microplate Manager Software (Bio-Rad; Hercules, CA). Samples in which the levels were outside the linear part of the curve were diluted and reanalyzed. Interassay and intra-assay coefficient of variance were Ͻ 15%.
Statistical Analysis
Because the pleural fluid VEGF, LDH, WBC, and individual cell counts were not normally distributed, Kruskal-Wallis oneway analysis of variance on ranks was used for comparing the VEGF levels among groups and Dunn's method was used to perform multiple comparison procedures. Correlations were analyzed with the Spearman rank order correlation. Data were analyzed using SigmaStat v2.03 statistical software package (Jandel Scientific; San Rafael, CA).
Results
The diagnoses and the pleural fluid characteristics of the 70 patients studied are summarized in Table 1 . The most common diagnosis, surprisingly, was pleural effusion after CABG. This hospital, however, performs Ͼ 2,500 CABG surgeries annually.
The distribution of the pleural fluid VEGF levels varied among groups (Fig 1) . Patients with congestive heart failure had the lowest pleural fluid VEGF levels whereas the patients with malignancy had the highest levels, and the patients after CABG surgery had intermediate levels. The median level of VEGF in the patients with congestive heart failure (150 pg/mL) was significantly (p Ͻ 0.05) lower than the median level in the group with CABG (357 pg/mL), which in turn was significantly lower than the median level in the group with malignancy (1,097 pg/mL). The pleural fluid VEGF levels in the patients with parapneumonic effusions were widely distributed (Fig 1) . The pleural fluid from the one patient with a pulmonary embolus had a high (3,294 pg/mL) VEGF level. We next analyzed the data for all 70 patients to determine whether there was any relationship between the pleural fluid VEGF levels and other characteristics of the pleural fluid. Because the VEGF levels were not normally distributed, we used the Spearman rank order correlation for this analysis. The closest correlation was between the VEGF levels and the pleural fluid LDH levels, but as seen in Figure 2 , this was still not a close relationship (r ϭ 0.42, p Ͻ 0.001). There were also a significant relationship between the pleural fluid VEGF level and the total protein level (r ϭ 0.28, p ϭ 0.019).
There was not a significant correlation between the pleural fluid VEGF level and the glucose level (r ϭ Ϫ0.17, p ϭ 0.17), the WBC count (r ϭ 0.22, p ϭ 0.15), the total neutrophil count (r ϭ 0.10, p ϭ 0.41), the total lymphocyte count (r ϭ 0.21, p ϭ 0.08), or the total mononuclear count (r ϭ Ϫ0.01, p ϭ 0.90).
When the group of 18 patients with malignant pleural effusions was analyzed, the 7 patients with breast carcinoma had a significantly (p ϭ 0.017) lower median pleural fluid VEGF level (279 pg/mL) than did the 7 patients with lung carcinoma (2,958 pg/mL). One exception to this pattern was a patient with breast carcinoma and a pleural fluid VEGF level of 5,930 pg/mL. When the medical records for this patient were reviewed, however, we found nothing striking that set her apart from the other patients with breast carcinoma. In this group of patients with malignant pleural effusions, the pleural fluid VEGF and LDH levels were significantly correlated (r ϭ 0.63, p ϭ 0.005). There was not a significant correlation between the VEGF levels and any other measurement in this subgroup of patients. The VEGF levels did not differ significantly according to whether the cytologic examination yielded positive or negative results.
When the group of 36 patients with pleural effusion after CABG surgery was analyzed, there was no significant relationship between the levels of VEGF in the pleural fluid and any other characteristics of the patients. Specifically, there was not a significant relationship between the pleural fluid VEGF levels and the pleural fluid LDH, WBC, differential WBC, or protein levels.
In this series there were only four patients who had parapneumonic effusions. In these patients, the pleural fluid VEGF levels were quite variable. Although the number of patients is very small, the level of VEGF in the pleural fluid was significantly correlated with the pleural fluid LDH level (r ϭ 0.97, p ϭ 0.03), the neutrophil count (r ϭ 0.99, p ϭ 0.003), and the glucose levels (r ϭ Ϫ0.99, p ϭ 0.01).
Discussion
The results of the present study demonstrate that VEGF is present in pleural fluid with marked variation in its levels. The median level of VEGF in patients with congestive heart failure was significantly (p Ͻ 0.05) lower (150 pg/mL) than the median level in patients after CABG (357 pg/mL), which in turn was significantly (p Ͻ 0.05) lower than the median level in the patients with malignancy (1,097 pg/mL). Overall, there was much overlap in the pleural fluid VEGF levels from category to category (Fig 1) . When the entire group was analyzed, the level of pleural fluid VEGF was not closely related to any other characteristic of the pleural fluid, but there was a significant relationship between the levels of VEGF and LDH (r ϭ 0.42, p Ͻ 0.001) (Fig 2) .
VEGF is a disulfide-bonded dimeric glycoprotein with a molecular weight of 34 to 45 kd. 6, 15 At least five different VEGF isoforms, polypeptides of 206, 189, 165, 145, and 121 amino acids, have been described in human cells. Two of the four common isoforms of human VEGF (121 and 165 amino acids) are secreted in soluble form whereas two others (189 and 206 amino acids) remain associated with heparin-containing proteoglycans on cells or in the extracellular matrix. 15, 16 The fifth isoform of VEGF (145 amino acids) has so far only been found in the female reproductive tract, 17 but it may subsequently be found elsewhere. We do not know which isoform was present in the pleural fluids. The several VEGF isoforms have been found to have identical biological activities. 1 VEGF normally works via two tyrosine kinase receptors, c-fms-like tyrosine kinase (Flt-1) and fetal liver kinase-1 (Flk-1). 18, 19 Previous studies have demonstrated that the normal lung expresses high levels of VEGF, which is localized in the respiratory epithelium. 20 Hypoxia has been well documented as a potent inducer of VEGF in many tissues and cells including pulmonary vascular smooth muscle cells. 21, 22 Conversely, it has also been shown that hyperoxic exposure leads to decreased VEGF in the lung. 21, 22 The role of oxygen tension in controlling the levels of VEGF in pleural fluid is not known. It is possible that the very high level of VEGF seen in the patient with pulmonary embolism might be related to an area of tissue ischemia.
In the present study, the levels of VEGF in the pleural fluid varied markedly from patient to patient. One might ask whether the VEGF that was present in the pleural fluid was related to the presence of cells in the pleural fluid. Indeed, Yeo and coworkers 23 reported that the VEGF levels correlated strongly with the numbers of monocytes and macrophages present, but not with the total numbers of WBC, neutrophils, or lymphocytes. They postulated that the VEGF present in the pleural fluid was produced by the malignant cells, monocytes, or macrophages in the pleural fluid. 23 In the present study, we could demonstrate no strong relationship between the pleural fluid VEGF levels and any other characteristic of the pleural fluid. Specifically, malignant effusions with cytologic examination yielding positive results did not have higher levels of VEGF than did malignant effusions with cytologic examination yielding negative results, and there was no strong correlation between the monocyte/macrophage count and the VEGF level in any category of pleural effusion. It appears, therefore, that the origin of the VEGF in the pleural fluid is probably not the cells in the pleural fluid.
Inasmuch as the pleural fluid VEGF levels are not closely correlated with any characteristic of the pleural fluid, it is likely that the VEGF in the pleural fluid is formed elsewhere. Pleural fluid in patients with congestive heart failure has its origin in the interstitial spaces of the lungs 24 and is essentially an ultrafiltrate of serum caused by high pulmonary vascular pressures. The median level of VEGF in the pleural fluid of our patients with heart failure was 150 pg/mL, similar to the mean serum level for normal subjects that Donovan and coworkers 2 reported (230 Ϯ 127 pg/mL) using the same enzymelinked immunosorbent assay kit. It is likely that the VEGF in the pleural fluid of the patients with congestive heart failure originates in the blood.
The median levels of VEGF in the pleural fluid were much higher in the patients with malignancy. In the present paper, the pleural fluid VEGF levels in patients with lung cancer were significantly higher than the VEGF levels in patients with breast cancer. Yeo and coworkers 23 also reported that the mean pleural fluid levels of VEGF in patients with lung cancer were higher than those in patients with breast cancer. The explanation for this difference is not clear. There is no evidence that breast carcinoma cells produce less VEGF than do lung carcinoma cells. Patients with both breast carcinoma 2 and nonsmall cell lung carcinoma 10 have elevated serum levels of VEGF.
The origin of pleural fluid in patients with malignancy is not definitely known. Although it has been stated that pleural fluid accumulation in malignancy is caused by lymphatic obstruction, 25 this mechanism cannot be the entire explanation. If lymphatic obstruction were the only mechanism, the pleural fluid should be a transudate, but the fluid with malignancy is an exudate. Moreover, the rate of pleural fluid accumulation is often Ͼ 100 mL/d, and one would expect an accumulation of Ͻ 20 mL/d if the rate of pleural fluid formation was normal. 26 We believe that, at least in some cases, fluid from the tumor enters the pleural space. If the pleural surfaces are directly involved by the tumor, the fluid could enter the pleural space directly. If the tumor were in the lung, edema fluid could enter the interstitial spaces of the lung and then traverse the visceral pleura to enter the pleural space. It is also possible that VEGF in the effluent from the tumor that enters the pleural space could also increase the permeability of the capillaries in the pleura, leading to increased pleural fluid formation. The above speculations certainly cannot be proven by the results of the present study and await further research.
The pathogenesis of the pleural effusions that occur after CABG surgery is not known and is probably multifactorial. 27 In the present study, the median levels of pleural fluid VEGF in these patients were intermediate to those of the patients with congestive heart failure and those of the patients with malignancy. The observation that the pleural fluid VEGF levels were elevated to more than twice the median normal value in 12 of the 36 patients (33%) suggests that VEGF may be important in the pathogenesis of some of the pleural effusions that occur after CABG surgery.
Although the number of patients with parapneumonic effusions was small, we found that the VEGF levels in the pleural fluid had a wide range and were correlated with the pleural fluid LDH concentration, neutrophil count, and the glucose levels. Additional studies are necessary to delineate whether VEGF has a role in the pathogenesis of pleural effusions in patients with pneumonia.
The pleural effusions associated with pulmonary emboli are poorly understood. 27 The fluid can be a transudate or an exudate, and the differential cell count is quite varied. 27 The observation in the present study that the pleural fluid from the one patient with pulmonary embolism had a VEGF level of 3,294 pg/mL is noteworthy. The source of the VEGF in this situation is unknown, but it could possibly be the blood clot inasmuch as it is known that both the aggregation 28 and activation 29 of platelets result in the release of VEGF.
It is interesting that there was a significant relationship between the levels of VEGF in the pleural fluid and the LDH levels in the pleural fluid. Neutrophils also produce VEGF in response to different stimuli. 30 Increased VEGF gene expression in pulmonary fibroblasts and pulmonary vascular smooth muscle cells is induced by proinflammatory mediators such as platelet-activating factor or platelet-derived growth factor. 31 We hypothesize that the levels of VEGF and LDH in pleural fluid are roughly correlated because they are both crude markers of the inflammatory response.
What are the clinical implications of the present study? The present study demonstrates that there is much overlap between the VEGF levels in the various groups. Accordingly, VEGF levels are unlikely to be useful diagnostically. However, the elevated levels of VEGF in some of the pleural fluid samples are noteworthy and raise the possibility that the accumulation of pleural fluid, in at least some patients, may be related to VEGF. If this speculation is correct, then in the future, it may be possible to decrease the rate of pleural fluid formation by administering inhibitors of VEGF.
